New structure problems are raised in nuclei near drip lines by recent RIB experiments. We pointed out the importance of dynamical effect beyond mean field theories to the new structure problems. §1. Introduction Recently, nuclear structure in neutron-rich nuclei has attracted much attention because of its exotic nature, such as halo and skin 1) -3) . Recent advances of secondary beam techniques allow us to measure useful structure information on masses, interaction cross sections and excited states. The shell structure is one of essential issues in nuclear structure. Recently, the magic numbers in the neutron-rich region have been extensively studied both experimentally and theoretically. For example, the melting of the N=8 closed shell was pointed out due to the large mixing of 1p 1/2 and 2s 1/2 orbitals in 11 Be 4) , 11 Li 5) and 12 Be 6) . The disappearance of the N=20 closed shell was also shown in 32 Mg experimentally 7) . Very recently a possible new magic number is pointed out at N=16 by the analysis of the neutron separation energies and the interaction cross sections 8) .
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So far the nuclear structure problems in light nuclei have been studied mostly by using mean field theory 9) and shell model calculations 10) . It is known that the correlations beyond the mean field have substantial effects on the single-particle energies and electromagnetic transitions. In particular, the effect of collective excitations has been studied by the particle-vibration coupling and found to be important 11), 12) . In this paper, we present the study of dynamical correlations on single-particle energies in light neutron-rich nuclei based on the 10 Be and 24 O core by using the particlevibration coupling model 13) . The polarization charges for electric transitions in drip line nuclei have been discussed also by using the particle-vibration coupling model elsewhere 14), 15) . In the present version of the model, firstly Hartree-Fock (HF) calculations with Skyrme interactions are performed to obtain the zeroth-order singleparticle energies and the wave functions. Secondly, we couple to them the natural parity vibrational states with J π =1 − , 2 + and 3 − by using the particle-vibration coupling Hamiltonian derived from the same Skyrme interaction, and the HF wave functions. In Section 2, we describe our model. Numerical results are given in Section 3. Summary is given in Section 4. §2. Particle-vibration coupling model The particle-vibration coupling Hamiltonian has the form
where α, β label the single-particle states, v(r) is the form factor associated to the particle-hole interaction V ph derived from the Skyrme force (V ph ( r 1 , r 2 ) = v(r 1 )δ( r 1 − r 2 ) 16) ), and the radial transition density δ̺ n (r) can be derived from the RPA phonon.
The second-order correction due to the RPA phonons to the single-particle energies coming from the perturbing Hamiltonian (2 . 1) is obtained by the real part of the four diagrams depicted in Fig. 1 . The imaginary part, which gives rise to the width of the single-particle states, is not discussed in the present work. The corresponding energy shifts for the diagrams can be found, e.g., in Ref. 17) , and are given to be,
where ε α and ε β are HF single-particle energies, u α and u β are the radial HF wave functions and ω n is the RPA phonon energy. The sum over β spans unoccupied particle states (occupied hole states) when the notation β > F (β < F ) is employed. If the state α is a particle state, the first and second terms in the above equation We present numerical results for the single-particle energies in the 10 Be and 24 O core.
The shell structure of 10 Be core in the present study is compared with the results of Ref. 18) (see also the coupled-channel calculation of Ref. 19) ). Since it is somewhat questionable to apply the self-consistent HF+RPA approach to obtain realistic single-particle energies and collective excited states in very light nuclei, we adopt a phenomenological approach for 10 Be. Namely, we start from a Woods-Saxon potential as the zeroth-order potential and calculate the particle-vibrational coupling with empirical phonon energies and transition strengths.
In 10 Be, the existing Skyrme forces give a HF single-particle spectrum with a large 1p 1/2 -1p 3/2 gap. The interaction SIII gives, for instance, ε(1p 1/2 )=-3.80 MeV and ε(1p 3/2 )=-11.13 MeV. Using a standard Woods-Saxon parameterization 20) ,
f ′ (r) r (3 . 1) (with V 0 = 55 MeV, V τ = 33 MeV, V ls = α ls V and α ls = 0.44, and where f (r) is the usual Fermi function with r 0 = 1.27 fm and a = 0.67 fm), the energy gap is reduced but the Fermi surface lies in a similar position as in the Skyrme-HF case. In fact, the Woods-Saxon results are ε(1p 1/2 )=-3.93 MeV and ε(1p 3/2 )=-9.36 MeV. This 1p 1/2 single-particle state, together with the 2s 1/2 unoccupied state, are shown in the first column of Fig. 2 .
The vibrational states included in our model space are limited to those for which experimental information is available. The energy and reduced transition probability B(E2, 0 → 2 + 1 ) of the lowest 2 + 1 state in 10 Be has been measured to be 3.37 MeV and 52 e 2 fm 4 , respectively 22) . The effect of coupling between the single-particle states and this phonon can be seen in the second column of Fig.  2 . The coupling reduces the 2s 1/2 -1p 1/2 gap from 5 to 2 MeV, melting the N=8 shell closure. Interpreting those as the − levels of 11 Be, the shifts induced by phonon coupling are not enough to give an inversion of the two levels. This is at variance with Ref. 18) , in which the inversion of the two levels was obtained by a particle-vibration coupling model with a non-standard Woods-Saxon parameterization for the mean field: a large diffuseness a=0.9 fm has been employed and the spin-orbit parameter α ls has been changed from 0.44 to 0.8 just for p-states. Thus, in such a modified Woods-Saxon potential, the 1p 1/2 and 2s 1/2 states lie close enough so that the shift induced by phonons can reverse their order. We checked the above perturbative results for the (3 . 2) In the case of 24 O core, the HF spectrum with SIII interaction is shown in the first column of Fig. 3 . We have then calculated 0 + , 1 − , 2 + , 3 − and 4 + vibrational states by the self-consistent RPA model. We first check the numerical accuracy of the model. The energy and proton (neutron) moments M p (M n ) of the collective lowest 2 + state are obtained by three different methods for the RPA calculations. The energy and proton (neutron) moments are E=3.90 MeV and M p (M n )=1.8 (10) fm 2 , respectively, with unoccupied levels calculated using the harmonic oscillator basis
In the case of the coupling with the lowest 2 Effects of the collective modes on the shell structure have been investigated in the nuclei near the 10 Be and 24 O core, at the neutron drip line. Energy shifts of the single-particle states are calculated by the particle-vibration coupling model taking into account the coupling to low-lying collective vibrational states. In the case of 10 Be core, the coupling to the lowest 2 + state is found to be the most important effect to lower and raise the single-particle energies of 2s 1/2 and 1p 1/2 states, respectively, and leads to a much narrower gap between the two states than that of the WoodsSaxon potential. In the case of 24 O core, the single-particle energies below the Fermi level behaves unusually in the calculations with the particle(hole)-vibration coupling compared with heavy nuclei near the 208 Pb core. The single-particle energy of the 1d 5/2 state is lowered by the coupling to the collective 2 + states which gives an upward shift in heavy nuclei. Moreover the energy of 2s 1/2 state is also lowered by the coupling to 3 − states due to very specific effects found in the case of 24 O core, i.e., the blocking of the available configuration space for the particle(hole)-vibration couplings.
